The synthesis of ultrasmall zincblende CdSe NCs reported herein was inspired by the methods of Hens and coworkers. 3 In general, the synthesis of ultrasmall CdSe nanocrystals (of zincblende or wurtzite crystal structure) can be challenging owing to the necessity of rapid quenching steps to arrest particle growth and the low yields of nanocrystals that results from these procedures. Through incorporation of strong binding ligands (HDA/ODA) in the nanocrystal synthesis, as well as a constant growth temperature, nanocrystals within the 1.8-2.4 nm size range could be reproducibly synthesized in higher molar yield than any other procedure reported herein (5.5x10 -7 moles). In general, quenching of the reaction within 100 seconds of selenium precursor injection results in nanoparticles below 2.1 nm in size, whereas long reaction times (1000 seconds) result in a maximum particle size of 2.4 nm. Kinetic studies allowed for plotting of CdSe NC size as a function of reaction time ( Figure S1 ), which was helpful in determining reaction time for the desired particle size.
Additionally, we found that standard purification procedures designed to minimize organic content resulted in irreversible aggregation of the synthesized particles in this size regime. Consequently, purification methods were developed to remove excess solvent/precursor, while maintaining stability of the nanocrystals in ODE/OLAC dispersion. This not only served to stabilize the nanocrystals over time, but in our hands also made the preparation of quantum dot stock solutions for tetrapod synthesis easier and more reproducible than when using dried nanocrystal powders.
Preparation of 1.0 M TOP=Se Stock Solution
A trioctylphosphinie selenide (TOP=Se) stock solution of concentration 1.0 M selenium in TOP was prepared by addition of selenium powder (789.6 mg, 0.01 mol) to a 20 mL scintillation vial equipped with a ½" PTFE coated stir bar and fitted with a septum. The vial was evacuated of air and backfilled with Ar three times. Then, 10.0 mL of TOP (97%) was added to the vial via syringe, and the resulting mixture was sonicated, stirred, and vortex mixed until homogeneous. 2 To a 250 mL three neck round bottom flask equipped with a 1" PTFE coated stirbar and a reflux condenser was added Cd(acac) 2 (248.5 mg, 0.800 mmol) followed by OLAC (1.02 g, 1.13 mL; 3.60 mmol) and 1-ODE (10.0 mL). The contents of the flask were evacuated and backfilled with Ar at 50 o C three times, followed by heating to 150 o C under Ar for 15 minutes. Over the course of the 15 minutes, a homogeneous colorless and transparent solution formed, indicating complexation of the cadmium precursor. Subsequently, 1-ODE was injected (30.0 mL), and the flask was cooled to room temperature under Ar for the synthesis of the ZB CdSe NCs.
Preparation of Cd(OLAC)

Synthesis of ZB CdSe NCs on a 300 mg scale
To the same flask used to prepare the Cd(acac) 2 precursor was HDA (1.12 g, 4.80 mmol), followed by ODA (0.040 g, 0.15 mmol). The flask was evacuated and backfilled with Ar at 50 o C three times to evacuate any air introduced during the addition of HDA/ODA. Next, the flask was heated to 170 o C under Ar at 300 RPM, wrapped with cotton, and incubated at 170 o C for 30 minutes. To initiate growth of the nanocrystals, the previously prepared TOP=Se stock solution was injected (8.0 mL) to the reaction solution at 170 o C (with the cotton wrap still on), and the reaction was quenched by rapid injection of hexanes (30.0 mL) at the desired timepoint (10-600 seconds, see Figure S1 ). The reaction flask was then allowed to cool to room temperature for workup.
Workup of 1.8 -2.4 nm CdSe NCs was performed by separating the crude reaction mixture into three 45 mL centrifuge tubes (~15 mL each), followed by centrifugation at 10,000 RPM for 10 minutes to crash out the excess HDA. A pristine white pellet of HDA was obtained, with a transparent orange/yellow supernatant which contained the NCs. The supernatant from each tube was decanted into a new centrifuge tube, followed by equal volumes of IPA and MeOH. Thus, 15 mL of IPA and 15 mL of MeOH were added to the 15 mL of supernatant in each tube (for a typical synthesis), resulting in a cloudy white emulsion. Centrifugation at 10,000 RPM for 20 minutes yielded a viscous yellow oil (~3 mL) and a clear/colorless supernatant. The multiple yellow oil droplets suspended in the supernatant were allowed to settle for 5 minutes prior to careful removal of the supernatant via syringe. Subsequently, a solution of OLAC in ODE (0.3 mL, 10 vol%) was added to each centrifuge tube to prevent aggregation of the ultrasmall ZB CdSe NCs. Subsequenty, the same process was repeated, wherein 3.0 mL of IPA and 3.0 mL of MeOH were added to the ~3.0 mL of viscous oil containing the CdSe NCs. The cloudy yellow emulsions were then centrifuged at 10,000 RPM for 10 minutes to yield a highly viscous orange "pellet" of < 0.3 mL volume each. The oil was viscous enough that the clear/colorless supernatant was easily decanted. Subsequently, a solution of OLAC in ODE (0.03 mL, 10 vol%) was added to each pellet to prevent aggregation of the ultrasmall ZB CdSe NCs. This yielded 276.55 mg (97.90 wt% organics by TGA, 5.49x10 -7 mol ZB CdSe QD) of a viscous yellow oil. Storage of the purified samples prepared from this procedure under an inert N 2 atmosphere ensured stability of the particles over multiple months. ii. ZB CdSe NCs -Diameter: 2.8 -4.4 nm
General Considerations
The synthesis of zincblende CdSe NCs in the 2.8 -4.4 nm size regime developed herein was inspired by the methods of Cao and Talapin. [4] [5] Similar to the procedure for the synthesis of ultrasmall CdSe NCs, the synthesis of nanocrystals in the 3.0 -4.4 nm size range relied on reaction time as the sole handle for final particle size. In this case, nanocrystals between 2.8-2.9 nm could be obtained if the reaction was quenched within 100 seconds of injection of stabilizing ligand, whereas particles between 3.0 -4.4 nm in size were accessible by annealing the reaction mixture at 240 o C for extended periods of time (past 10 hours). Over the course of this annealing step, CdSe NC morphology was observed to shift from spherical to cubic in nature. Kinetic studies of this reaction allowed for plotting of CdSe NC size as a function of reaction time ( Figure S2 ), which was helpful in determining reaction time for the desired particle size.
Preparation of Capping Ligand Stock Solution
To a 20 mL scintillation vial was added 1-ODE (8.0 mL) along with OLAM (1.63 g, 2.00 mL, 6.08 mmol), and OLAC (179 mg, 0.200 mL, 0.634 mmol). The solution was sparged for 20 minutes with Ar and subsequently homogenized via vortex mixing.
Preparation of Cadmium Myristate
To a 250 mL three neck round bottom flask equipped with a ½" PTFE coated stir bar and reflux condensor was added CdO (115.5 mg, 0.900 mmol), myristic acid (435 mg, 1.91 mmol), and 1-ODE (7.5 mL). The reaction flask was evacuated of air and backfilled with Ar three times. Subsequently, the contents of the flask were heated to 250 o C at a stir rate of 300 RPM. Over the course of 10 minutes, the solution changed from deep red and opaque (characteristic of CdO) to colorless and transparent, indicating complexation of cadmium and formation of active Cd-myristate species. Upon the observed color change, 1-ODE (48.0 mL) was injected and the solution was cooled to room temperature.
Synthesis of ZB CdSe NCs on a 200 mg scale
To the same 250 mL three neck round bottom flask in which the cadmium myristate was synthesized was added elemental selenium powder (36.0 mg, 456.0 mol). After Se addition, the flask was evacuated of air and backfilled with Ar three times, followed by heating to 240 o C at a stir rate of 300 RPM. Once at 240 o C, 7.65 mL of the previously-prepared capping ligand stock solution was injected dropwise via syringe into the reaction flask over the course of 1 minute. This resulted in a temperature drop to 225-230 o C. After the ODE/OLAM/OLAC injection, the reaction was the reaction was quenched by rapid injection of 1-ODE (40.0 mL) at the desired timepoint (30 seconds-3600 seconds, see Figure S2 ). The reaction flask was then allowed to cool to room temperature for workup.
Workup of the 2.9 -4.4 nm CdSe NCs was performed by separating the crude reaction mixture into six 45 mL centrifuge tubes (~ 20 mL each), followed by addition of acetone to result in a total volume of 45 mL. Centrifugation at 10,000 RPM for 10 minutes yielded a viscous orange or red oil (depending on particle size) and a yellow tinted and transparent supernatant. The supernatant was decanted, and the viscous oil was redispersed in 20 mL of acetone and 5 mL of methanol. Centrifugation at 10,000 RPM for 10 minutes yielded a solid orange or red pellet and a colorless and transparent supernatant. The pellets were dried en vacuo at room temperature overnight to yield 157.21 mg (97.18 wt% organics by TGA, 5.02x10 -8 mol) of an orange solid. Figure 2 of the main text. Minimum sizes approaching 2.8/2.9 nm could be reproducibly obtained by quenching the reaction in under 100 seconds, whereas long reaction times (1-10 hrs) resulted in a maximum particle size of ~ 4.4 nm.
iii. ZB CdSe NCs -Diameter: 4.4-5.8 nm 1. General Considerations Access to zincblende CdSe nanocrystals of the 4.4 -5.8 nm size range was afforded by a slight modification to the procedure previously described for 2.9 -4.4 nm nanocrystals. Instead of varying reaction time, it was found that variation of selenium concentration allowed for tuning of nanocrystal size after a 20 hour reaction at 240 o C. Interestingly, with decreasing selenium concentration, increasing particle size was observed (Table S1 ). Increasing particle size also corresponded to a decrease in NC yield, indicative of fewer nucleation events at the early stages of the reaction, which would be expected in a precursor-starved reaction.
Preparation of Capping Ligand Stock Solution
Preparation of Cadmium Myristate
To a 250 mL three neck round bottom flask equipped with a ½" PTFE coated stir bar and reflux condensor was added CdO (115.5 mg, 0.900 mmol), myristic acid (435 mg, 1.91 mmol), and 1-ODE (7.5 mL). The reaction flask was evacuated of air and backfilled with Ar three times. Subsequently, the contents of the flask were heated to 250 o C at a stir rate of 300 RPM. Over the course of 10 minutes, the solution changed from deep red and opaque (characteristic of CdO) to colorless and transparent, indicating complexation of cadmium and formation of active Cdmyristate species. Upon the observed color change, 1-ODE (48.0 mL) was injected and the solution was cooled to room temperature.
Synthesis of ZB CdSe NCs on a 300 mg scale
To the same 250 mL three neck round bottom flask in which the cadmium myristate was synthesized was added 167.1-456.0 mol (13.2 -36.0 mg) of selenium powder, depending on the desired particle size (see Table S1 for correlation of Se addition and particle size). After Se addition, the flask was evacuated of air and backfilled with Ar three times, followed by heating to 240 o C at a stir rate of 300 RPM. Once at 240 o C, 7.65 mL of the previously-prepared capping ligand stock solution was injected dropwise via syringe into the reaction flask over the course of 3 minutes. The mixture was allowed to react for 20 hours at 240 o C (± 5 o C), allowing for the the formation of high quality ZB CdSe NCs. After 20 hours, the reaction was quenched by removing from heat and allowing the crude solution to cool naturally to room temperature. The reaction mixture was then worked up as described below.
Workup of the 4.4 -5.8 nm CdSe NCs was performed by separating the crude reaction mixture into six 45 mL centrifuge tubes (~ 12.5 mL each), followed by addition of acetone to result in a total volume of 45 mL. Centrifugation at 10,000 RPM for 10 minutes yielded a viscous orange oil and a clear/colorless supernatant. The supernatant was decanted, and the viscous oil was redispersed in 20 mL of acetone and 5 mL of methanol. Centrifugation at 10,000 RPM for 10 minutes yielded a solid orange pellet and a colorless and transparent supernatant. The pellets were dried en vacuo at room temperature overnight to yield 316.72 mg (90.49 wt% organics by TGA, 1.01x10 -7 mol) of an orange solid. 
. General Considerations
The procedure for accessing zincblende CdSe nanocrystals of the 5.9 -8.0 nm size range was adopted from our previously reported procedures for 6.2 nm CdSe nanocrystals. [6] [7] We found that while this reaction was not sensitive to air or moisture, a minimum of 20 minutes of reaction time was required to produce nanocrystals from which tetrapods could be synthesized reproducibly. For the purposes of this study, the reaction was stopped at 45 minutes to obtain 6.2 nm CdSe NCs, with further reaction times of 1 hour resulting in a maximum particle size of 8.0 nm.
Preparation of a Cd(acac) 2 Stock Solution
In a 50 mL three-neck round bottom flask equipped with a reflux condenser and ½" PTFE coated stirbar was added Cd(acac) 2 (398 mg; 1.28 mmol), followed by OLAC (6.68 g, 7.50 mL, 23.6 mmol). The contents of the flask were subsequently heated to 150 o C while stirring at 300 RPM until a clear and colorless solution formed (approximately 15 minutes).
Synthesis of ZB CdSe NCs on a 500 mg Scale
The synthesis of zincblende CdSe NCs was adapted from the literature. 6 To a 50 mL three-neck round bottom flask fitted with a reflux condenser and a ½" PTFE-coated stir bar was added elemental selenium (78.9 mg, 1.00 mmol) followed by 1-ODE (15 mL). The flask was then heated under ambient air to 300 o C while stirring at 300 RPM until a yellow-tinted and transparent solution was formed (approximately 30 minutes). Upon reaching 300 o C, 5.0 mL of the OLAC/Cd(acac) 2 solution was switly added to the ODE/Se solution via a glass syringe, resulting in a rapid color change from clear/yellow-tinted to a deep red (indicative of the formation of CdSe species) and a temperature decrease to ~ 270 o C. The temperature was then maintained between 270-275 o C for the desired reaction time (0-60 minutes), yielding ZB CdSe nanocrystal of cubic crystal habit. After the desired reaction time, 1-ODE (10 mL) was injected to rapidly cool the reaction mixture, the heating mantle was removed, and the crude mixture was allowed to cool to room temperature. The reaction mixture was then worked up as described below.
Workup of the 5.9 -8.0 nm CdSe NCs was performed by separating the crude reaction mixture into two 45 mL centrifuge tubes (~15 mL each), followed by dilution to 25 mL with toluene. The clear, dark red dispersions were then precipitated with 10 mL of EtOH, resulting in cloudy red dispersions. Centrifugation at 9,000 RPM for 7 minutes to yield dark red pellets and red/transparent supernatants. The supernatants were decanted, and the pellets were dispersed in 25 mL of toluene followed by vortex mixing until homogenous. Once again, 10 mL of ethanol was added to each 
c. Synthesis of CdSe seeded CdS Tetrapods (CdSe@CdS TPs) via Incremental Injection i. General Consideration
The tetrapod synthesis reported herein was inspired by our previously reported methods, as well as procedures for the seeded growth of CdSe@CdS nanorods that has been extensively published on to date. [6] [7] [8] [9] [10] In general, we found the synthesis of tetrapods through standard hot injction methods to be highly sensitive to air and moisture as well as zincblende CdSe seed concentration. While issues of air/moisture could be mitigated through standard Schlenk line techniques and heating solid reagents at 50 o C in vacuo prior to use, the challenge of zincblende CdSe seed concentration persisted, especially at small seed sizes where concentration determination in traditionally challenging. We posited that nonoptimized seed concentrations led to homonucleation of CdS species, resulting in product mixtures of nanorods and tetrapods from the hot injection method. To mitigate this, the sulfur precursor was incrementally injected to a reaction mixture containing zincblende CdSe quantum dots, allowing for slow-growth of tetrapod species without CdS homonucleation ( Figure 3 of the main text). While initially developed for small seed sizes (~ 2.0 nm), where concentration of seeds was approximated through geometric considerations, this incremental injection approach proved universal to all seed sizes studied herein. From this method, highly uniform tetrapods could be obtained in high purity and yield, regardless of the zincblende CdSe seed size ( Figure S4-S7) .
ii. Preparation of ZB CdSe NC/TOP Stock Solution
A quantum dot stock solution of concentration 1.7 M in TOP was prepared by addition of CdSe quantum dots of the desired size (13.57 mg -24.14 mg, for 2.0 -6.2 nm ZB CdSe NCs, respectively; MW 2.0nm = 6.95x10 5 g/mol with 97.9% organics; MW 6.2nm = 1.24x10 6 g/mol with 32.8% organics; 1.95x10 -8 mol in all cases) to a 20 mL scintillation vial fitted with a rubber septum. The vial was 11 evacuated of air and backfilled with Ar three times. Subsequently, 1.62 mL of TOP (97%) was added to the vial via syringe, and the resulting mixture was sonicated and vortex mixed until homogenous.
iii. Preparation of TOP=S Stock Solution
A trioctylphosphine sulfide (TOP=S) stock solution of concentration 0.59 M sulfur in TOP was prepared by addition of sulfur powder (262.5 mg; 8.19 mmol) to a 20 mL scintilliation vial and fitted with a septum. The vial was evacuated of air and backfilled with Ar three times. Then, 15.0 mL of TOP (97%) was added to the vial via syringe, and the resulting mixture was sonicated and vortexed mixed until homogeneous.
iv. Synthesis of CdSe@CdS Tetrapods from 2.0-6.2 nm ZB CdSe NCs
The synthesis of CdSe@CdS tetrapods was modified from our previously-reported literature procedures. [6] [7] To a 50 mL three neck round-bottom flask equipped with a 1" PTFE coated stirbar and reflux condenser was added TOPO ( After approximately 4 seconds, the first injection of a freshly prepared 0.55 M stock solution of TOP=S (0.20 mL) was injected into the flask, and the tetrapod shell was allowed to grow for 3 minutes postinjection at 350 o C. This process was repeated three additional times (0.80 mL of TOP=S injected total, 12 minute reaction time). After each injection, alioquots were taken for TEM imaging to monitor the growth of the tetrapod NCs ( Figure S4 ). After the final growth perior, the heating mantle was removed and the flask was allowed to cool naturally to 110 o C whereupon toluene (10 mL) was injected to prevent solidification of the low melting point solid (TOPO). Purification was carried out through three precipitation/redispersion cycles using a 1:1 mixutre of MeOH:IPA as the nonsolvent mixture, and toluene for redispersion.
To purify the crude product from excess TOPO/ODPA, as well as unreacted S species, two centrifugation steps were performed using 50 mL centrifuge tubes. The room temperature product was distributed evenly between two centrifuge tubes, each a volume of ~10 mL of crude reaction mixture. In order to precipitate the nanocrystals, 5 mL of methanol was then added to each tube, resulting in cloudy yellow dispersions. The mixtures were then centrifuged at 9000 rpm for 9 minutes to yield yellow/orange pellets and clear and colorless supernatants. The supernatants were then decanted and each pellet was dispersed in 10 mL of toluene and vortex mixed until homogenous. As before, 5 mL of methanol was then added to each tube to precipitate the nanocrystals, resulting in cloudy yellow dispersions. The mixture were then centrifuged at 9000 rpm for 9 minutes to yield yellow/orange pellets and clear and colorless supernatants. After decanting of the supernatants, the yellow/orange pellets were dried in vacuo at 50 o C overnight to yield 0.5586 g (74.29 wt-% organics by TGA, 7.063x10 -9 mol) of a dark yellow, waxy solid. Transmission electron-microscope imaging confirmed the formation of uniform CdSe@CdS tetrapods with nearly no nanorod/quantum dot impurities, and the materials were sized using ImageJ software (L arm = ~35 nm) ( Figure S5 ).
To confirm the purify of tetrapod nanomaterials produced via this synthesis, investigation into the % impurities of a standard incremental injection tetrapod synthesis were done via TEM imaging, with n=1226 particles investigated in a 3μm region of a carbon-coated TEM grid ( Figure S5 ). 
d. Synthesis of Singly Au-Tipped CdSe@CdS Tetrapods (Au-CdSe@CdS TPs) on 8 mg Scale i. Preparation of DDAB Stock Solution
To a tarred 20 mL glass scintillation vial was added DDAB in an Ar-filled glovebox, followed by sealing the vial with a tarred rubber septum and removing from the glovebox. After removing from the glovebox, the vial fitted with the septum and loaded with the surfactant was remassed, and the mass of DDAB added was determined by difference. An appropriate quantity of anhydrous, Ar-sparged toluene was then added to the vial under standard Schlenk line techniques to result in a concentration of 9.01 mM DDAB in toluene. The contents of the vial were then sonicated for 5 minutes until homogeneous, resulting in a clear and colorless solution. As an example, a typical preparation would result in 81.1 μmol (0.03750 g) of DDAB added to the vial as determined by difference, and 9.0 mL of anhydrous, Ar-sparged toluene would then be added to the vial. It should be noted that this preparation could be performed entirely in the glovebox, if equipped with an analytical balance. However, in our experience, massing by difference resulted in consistent results if care was taken to keep the surface of the vial free of debris or oils while transferring between the glovebox and analytical balance.
ii. Preparation of AuCl 3 Stock Solution
To a tarred 20 mL glass scintillation vial was added AuCl 3 in an Ar-filled glovebox, followed by sealing the vial with a tarred rubber septum and removing from the glovebox. After removing from the glovebox, the vial fitted with the septum and loaded with AuCl 3 was remassed, and the mass of AuCl 3 added was determined by difference. An appropriate quantity of the previously prepared DDAB stock solution was then added to the vial under standard Schlenk line techniques to result in a concentration of 8.80 mM of AuCl 3 in the DDAB stock. The contents of the vial were then sonicated for 5 minutes until homogeneous, resulting in a clear and light yellow/orange solution. As an example, a typical preparation would result in 35.8 μmol (0.01087 g) of AuCl 3 added to the vial as determined by difference, and 4.07 mL of the previously prepared DDAB stock would then be added to the vial. The stock solution was then cooled and stored at -4 o C.
iii. Preparation of CdSe@CdS Tetrapod Stock Solution
To a tarred 1 dram vial was added CdSe@CdS tetrapods (2.21x10 -9 mol; generally ~ 27 mg at ~70 % organics) and the vial was fitted with a rubber setpum. The vial was evacuated of air and backfilled with Ar three times. Anhydrous, Ar-sparged toluene (6.80 mL) was then added to the vial to result in a concentration of 0.325 μM tetrapods in toluene. The vial was then vortex mixed for 5 minutes until a homogeneous, clear and light yellow/orange solution was obtained. It should be noted that the vial should not be sonicated, as this was observed to result in fragmentation of the tetrapods, presumably due to mechanical strain imparted by the cavitation process.
iv. Synthesis of Au-CdSe@CdS Tetrapods using 365 nm irradiation
The synthesis of Au-CdSe@CdS tetrapods was adapted from our previous literature. 6-7 A 1 dram vial was equipped with a 10 mm stirbar, sealed with a rubber septum, and evacuated of air and backfilled with Ar three times. The previously prepared CdSe@CdS tetrapod stock solution (0.68 mL, 2.21x10 -10 mol CdSe@CdS TPs) was then added to the reaction vial, and the vial was cooled at -4 o C for 15 minutes. The AuCl 3 :DDAB stock solution was also cooled at -4 o C for 15 minutes prior to use. Once cooled, the AuCl 3 stock solution (0.25 mL, 2.2 μmol AuCl 3 ) was added to the reaction vial containing the CdSe@CdS tetrapod stock, and the resulting solution was irradiated at 365 nm in a custom-built photochemical reactor with continuous stirring (600 RPM) between 2.5 -60 minutes depending upon the size of the CdSe seed used to prepare the tetrapod sample (see Figure 7 of the main text). Throughout the course of the reaction, the color of the solution was observed to change from light yellow/orange to deep amber, while remaining entirely homogeneous. Formation of a precipitate or a purple-colored solution was consistent with non-selective tipping of the tetrapods (multiple tipping), which was found to result from trace moisture in the system and/or inadequate cooling of the precursors prior to the reaction. The custom-built photochemical reactor was constructed from a TLC UV-lamp affixed atop a magnetic stir plate, and covered with a black box to prevent external irradiation from ambient lighting.
To purify the crude product from excess gold precursor and DDAB surfactant, one centrifugation step was performed. The crude product was added to a single 15 mL centrifuge tube, followed by diluting to 2 mL with acetone in order to precipitate the nanocrystals, resulting in a cloudly, amber dispersion. The mixture was then centrifuged at 9000 RPM for 7 minutes to yield an amber pellet and a clear and colorless supernatant. Transmission electron microscopy confirmed the formation of selectively Autipped CdSe@CdS tetrapods with no free Au NPs.
e. Synthesis of Singly Au-tipped CdSe@CdS Tetrapods (Au-CdSe@CdS TPs) on 2500 mg Scale i. Preparation of DDAB Stock Solution
To a tarred 120 mL glass bottle was added DDAB in an Ar-filled glovebox, followed by sealing the bottle with a tarred rubber septum and removing from the glovebox. After removing from the glovebox, the bottle fitted with the septum and loaded with the surfactant was remassed, and the mass of DDAB added was determined by difference. An appropriate quantity of anhydrous, Ar-sparged toluene was then added to the bottle under standard Schlenk line techniques to result in a concentration of 9.01 mM of DDAB in toluene. The contents of the bottle were then sonicated for 5 minutes until homogeneous, resulting in a clear and colorless solution. For this reaction, this resulted in 884.5 μmol (409.2 mg) of DDAB being added to the bottle as determined by difference, and 92.37 mL of anhydrous, Ar-sparged toluene was then added using Ar via standard Schlenk line techniques.
ii. Preparation of AuCl 3 Stock Solution
To a tarred 120 mL glass bottle was added AuCl 3 in an Ar-filled glovebox, followed by sealing the bottle with a tarred rubber septum and removing from the glovebox. After removing from the glovebox, the bottle fitted with the septum and loaded with AuCl 3 was remassed, and the mass of AuCl 3 added was determined by difference. An appropriate quantity of the previously prepared DDAB stock solution was then added to the bottle under standard Schlenk line techniques to result in a concentration of 8.80 mM of AuCl 3 in the DDAB stock. The contents of the bottle were then sonicated for 5 minutes until homogeneous, resulting in a clear and light yellow/orange solution. For this reaction, this resulted in 424.0 μmol (128.6 mg) of AuCl 3 being added to the bottle as determined by difference, and 96.33 mL of the previously prepared DDAB stock was then added to the bottle under Ar using standard Schlenk line techniques . The stock solution was then cooled and stored at -4 o C.
iii. Preparation of CdSe@CdS Tetrapod Stock Solution
To a tarred glass bottle was added CdSe 2.8 @CdS Tetrapods (1.004 g, 70 wt% organics by TGA, L arm = 37.2 nm, 81.3 nmol) and the bottle was fitted with a rubber septum. The bottle was evacuated of air and backfilled with Ar three times. Anhydrous, Ar-sparged toluene (250.0 mL) was then added to the bottle using stanrdard Schlenk line techniques to result in a concentration of 0.325 μM tetrapods in toluene. The bottle was then vortex mixed for 5 minutes until a homogeneous, clear and light yellow/orange 16 solution was obtained. It should be noted that the solution was not sonicated, as this can result in fragmentation of the tetrapods, presumably due to mechanical strain imparted by the cavitation process.
iv. Synthesis of Au-CdSe@CdS Tetrapods using Ambient Sunlight
A 500 mL three-neck round bottom flask equipped with a 1" PTFE-coated stir bar was evacuated of air for 30 minutes, and backfilled with Ar. This process was repeated two additional times for a total of three evacuation/backfilling cycles. Subsequently, 250 mL of the previously prepared 0.325 μM stock solution of tetrapods (CdSe quantum dot core diameter = 2.8 nm) in anhydrous, sparged toluene was injected into the flask, along with 36.2 mL of IPA (10% by volume sacrificial hole scavenger). The flask was carefully wrapped in aluminum foil in order to minimize exposure to ambient light light. Subsequently, 90.4 mL of the previously prepared AuCl 3 stock solution (at -4 o C) was injected via syringe. The reaction flask was taken outdoors (still wrapped in aluminum foil to prevent premature initiation of the reaction), stirred at 300 RPM, and the aluminum foil was removed from the flask in order to expose the reaction mixture to Tucson, AZ sunlight at midday. During the course of 90 seconds, the solution turned from a bright orange, translucent color (characteristic of CdSe@CdS tetrapods) to a deep purple and slightly translucent color ( Figure S10) . The flask was then wrapped with aluminum foil, and the product was subsequently worked up through one precipitation/redispersion cycle using acetone as the nonsolvent and toluene for redispersion, yielding 2500 mg of Au-CdSe@CdS tetrapods. For the zincblende CdSe quantum dots synthesized herein, we observed two consistent onsets of decomposition in all samples at approximately 250 o C and 400 o C, corresponding to the loss of ligands used in the passivation and complexing of Cd/Se species, as well as residual ODE solvent. For 2.0 nm, 2.8 nm, and 3.7 nm samples, an additional low temperature decomposition onset was observed at 100 o C, corresponding to toluene remaining from the purification of the nanocrystals.
6) Molar Mass Calculations for CdSe NCs and Tetrapods
Molar mass calculations for CdSe NCs as well as CdSe@CdS tetrapods followed our previously reported methods, utilizing geometric appoximations and percent organic (as determined by TGA) to calculate nanomaterial molecular weight. [6] [7] For example, CdSe NCs are geometrically approximated to be spheres at sizes below 3 nm, cubes as sizes above 3 nm, and tetrapod arms are model as cylinders of uniform diameter. The tapered nature of the tetrapod arms requires this detailed analysis method, which demonstrates highly uniform tapering for all tetrapod samples studied here (n=100 for each width measurement).
